Substance P-like immunoreactivity (SPLI) was immunohistochemically analyzed in the retinae and optic tecta of Rana pipiens embryos and tadpoles between stages 25 of Shumway (S25) and XXV of Taylor and Kollros (TKXXV). A population of retinal ganglion cell (RGC) somata display SPLI. The number oflabeled cell bodies increases in proportion and staining intensity between S25 and TKX and progressively decreases toward the end of metamorphosis. At TKXXV, only occasional cells in the periphery of the retina displaying SPLI can be observed in the RGC layer, heralding the adult condition, in which SPLI can only be seen rarely in occasional RGCs. An increasing proportion of optic nerve axons display SPLI from S25 through TKXVI, decreasing progressively thereafter toward the end of the larval period. Concurrently, SPLI appears for the first time in the superficial tectal neuropil between TKII and TKV, with progressively increasing staining intensity and in a discrete lamina previously shown to contain retinofugal terminals in the adult. These observations corroborate inferences from previous studies indicating the existence of populations of peptidergic RGCs that terminate within precisely restricted synaptic loci in the tectum and presumably perform different functional operations in the adult. Previous observations, however, necessitated various experimental manipulations involving Iujuries to the visual system in order to demonstrate neuroactive peptide-like immunoreactivity in RGCs, thus allowing the possibility of posttraumatic expression of anomalous peptide phenotypes that may not reflect normal features of RGCs. The present study eliminates this variable and provides further evidence of the existence of peptidergic RGCs.
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A previous study has shown a complex laminar organization of substance P-, enkephalin-, cholecystokinin octapeptide-, bombesin-, and avian pancreatic polypeptide-like immunoreactivities in the anuran optic tectum (1) . The laminar pattern of peptide-like immunoreactivity (PLI) is particularly complex in the superficial third of the tectum, the site of termination of retinofugal axons. The latter suggests that at least part of the PLI found in the tectum could be contained within the terminals of retinal axons. However, virtually all studies of PLI in vertebrate retinae to date have failed to clearly demonstrate PLI in retinal ganglion cell (RGC) somata (2) . Nevertheless, recent experiments have provided strong evidence in favor of the once seemingly unlikely existence of PLI within RCGs. Retinal ablation is rapidly followed by a drastic reorganization of neuroactive peptide-containing laminae within the retinorecipient neuropil, including the loss of PLI from several laminae (3) . Mechanical blockade of axoplasmic flow-by sectioning, ligating, or crushing the optic nerve-results in the buildup of histochemically detectable PLI in the optic nerve as early as 1-2 hr after the procedure (4) . Furthermore, during optic nerve regeneration, PLI becomes transiently detectable in regenerating axons and is eventually reestablished in a substance P (SP)-containing lamina in the tectum that disappears after tectal deafferentation (5 
3-5).
Controls included preabsorption of the antibody with synthetic SP (1, (3) (4) (5) , which abolished staining. Given the difficulties in establishing the specificity of an immunocytochemical stain (12) (13) (14) , we use the term peptide-like immunoreactivity (PLI) to generically describe the staining for any peptide in our material. SP-positive or SP-containing are used here as synonyms of SP-like immunoreactivity (SPLI). RESULTS SPLI can be observed in developing retinae as early as S25-the earliest stage we examined-and presumably originates even earlier. SP-containing somata occur in both the ganglion cell layer and the amacrine cell layer (Fig. 1) . The SPcontaining cell bodies within the amacrine cell layer are relatively sparse during the earlier stages analyzed6-consisting of only a small proportion of the cells populating this layer-and display a relatively weak staining intensity compared with cells in that location in older animals (Fig. 1A) . SP-containing amacrine cells progressively increase both in relative proportion within their layer and in staining intensity. By TKXII-XVII, most of them have attained a staining intensity comparable to that of adults ( Fig. 1 B-E), although a small proportion of weakly labeled cells persist to the end of metamorphosis.
Appearance of SPLI in Ganglion Cells. SP-positive somata in the RGC layer also transiently increase in proportion and staining intensity after S25-TKI. However, between TKV and TKX, an evident and progressive decrease in the number and the staining intensity of the labeled cells occurs ( Fig. 1 B-E). This is followed by the progressive disappearance of staining in somata in the RGC layer, so that occasional (and only faintly labeled) somata can be observed by TKXX-XXV. The latter phenomenon is probably conducive to the adult condition, where only occasional and often equivocally labeled cells have been observed in the RGC layer (4) . The disappearance of demonstrable SPLI from the ganglion cell layer follows a centrifugal gradient, such that somata in the central portion of the retina are the first to exhibit progressively decreasing detectability of SPLI ( Fig. 1 D and E) . The latter is paralleled by an isodirectional gradient of increased staining intensity in the amacrine cell layer: somata located close to the ora serrata are the last to increase in staining intensity and relative proportion of labeled cells. Simultaneously, the inner plexiform layer also displays a centrifugal gradient of progressive increase in intensity of staining ( Fig.  1 A-E), attaining a density comparable to that seen in the adult retina by TKXV-XX. These gradients seem to be isodirectional with the gradients of cell addition in the developing tadpole retina (15) and presumably represent features of maturation strongly linked to the time of origin of the cells involved. The gradients do not seem to represent technical artifact, since they are reproducible in batches of tissue from different larval stages and adult specimens processed simultaneously.
The optic nerve axons display SPLI from at least S25-TKI ( Fig. 2A) until TKXX-XXII. SP-containing fibers are easily visualized in the optic nerve fiber layer of the retina near the optic nerve head, where they join the optic nerve in large numbers (Fig. 2B) (Fig. 2D ). These observations were also reproduced in tissue from different larval stages and adult specimens processed simultaneously.
Development of the Optic Tectum and Appearance of SPLI. No SP-containing fibers are detected in the tectal plate until after TKIII in most animals (Fig. 3A) . By TKIV, a small number of SP-positive fibers are seen to invade the superficial portion of the tectum, before SP-containing cell bodies appear in the tectum (Fig. 3B) . The SP-positive fibers increase in staining intensity and apparent number by TKV, when SPLI becomes detectable in layers 5 and 7, faintly around the cell bodies in layer 8, and within some of the somata of layer 6 (Fig. 3C) . SPLI c~S'i '5fi i7.i . . where it gradually extends in the caudomedial direction. By TKX-XIII it has reached the caudal pole (Fig. 3D) , although the staining intensity is lower in extreme caudal regions compared with the midtectal or rostral regions. Concomitantly, the number and staining intensity of the SP-containing somata within layer 6 increases (Fig. 3D) . Interestingly, it is not until TKXX-XXIII that a more superficial SP-containing layer appears within the superficial neuropil of the optic tectum. This layer first appears in the rostrolateral border of the tectum (Fig. 3 E and F) , gradually extending dorsocaudomedially as it becomes more superficial. These characteristics allow the identification of this latter layer as layer 13 of Ram6n y Cajal (16) , and of the deeper SP-containing layer within the superficial neuropil as layer 11 of Ram6n y Cajal (1). Layer 13 does not appear to form until the SP-containing cell bodies in layer 6 develop recognizable SP-positive processes directed toward the superficial neuropil (Fig. 3E) . This observation is consistent with previous reports (1, (3) (4) (5) that this layer appears to originate from the superficially radiating processes (that bypass layer 11) of intrinsic SPcontaining somata lying within the deep layers of the tectum.
Thus, by TKXXIII-XXV, most of the adult organizational features of the tectum have been attained, with respect to the pattern of distribution of SPLI. The timing and topographic progression of the invasion of the tectum by SP-containing axons correlates closely with previous descriptions of the development of the retinotectal projection in this species (17, 18) . The latter supports the possibility that SP-positive fibers in layer 11 correspond to retinofugal axons.
DISCUSSION
Previous studies (1, (3) (4) (5) 19) (4, 5) . The traumatic manipulations, although extremely useful in demonstrating otherwise undetectable PLI in RGCs, allow the possibility that new peptide phenotypes may be expressed posttraumatically as a response to injury, thus necessitating rigorous controls to eliminate this possibility (3) (4) (5) 19) . Until now, no naturally occurring peptides have been unequivocally localized to RGC somata, to the best of our knowledge. Nevertheless, PLI to LANT-6, a synthetic peptide, has been reported in RGCs (20, 21) . Even retinal lesion experiments failed to demonstrate PLI within RGC somata, although they succeeded in demonstrating SP and [5-leucine] enkephalin in the optic nerve fiber layer (19) .
Our observations in the developing retinotectal system of tadpoles provide a direct demonstration of a naturally occurring peptide within RGCs, without the use of traumatic procedures. In fact, from at least the end of the embryonic period and well into the larval stage, RGC somata display conspicuous SPLI. This immunoreactivity is associated with the concomitant presence of SPLI in the optic nerve fiber layer, the optic nerve, and, later in development, in the retinorecipient region of the tectum. These findings indicate that SP is contained within RGC somata, axons, and synaptic terminals within the tectum. The eventual disappearance of SPLI within RGC somata, with preservation of SPLI within retinotectal terminals, deserves some comment. The evidence presented in this study, together with the aforementioned previous experience in adult retinotectal peptidergic systems, indicates that both late in development and in adulthood, PLI cannot be demonstrated directly in most RGC somata. The weight of the evidence, however, leaves little doubt that PLI is present in RGC axons (in the optic nerve fiber layer and optic nerve) and their terminals within the tectum. Why, then, is SPLI so difficult to demonstrate immunocytochemically in the RGC somata? Previous proposed explanations have included: (a) the amounts of PLI may be low in all portions of the RGC, except at the synaptic terminals, where they may increase because of local concentrating mechanisms, and (b) the peptides may be transported in precursor or carrier-bound form, unrecognizable by immunocytochemical methods, to avoid degradation in the relatively long adult retinotectal pathway (4, 5) . These speculations, though by no means proven, are compatible with our findings: (a) the levels of PLI may be unusually high in the relatively small total cytoplasmic volume of developing RGCs and (b) the precursor or carrier systems may not be 
